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As flight eiperifwt n$ gained, confidence This paper is the ohbut report <n the ji- 
:n the Mercury mission and {nriirubrlr in the lot’s ability to operate the Mer c u ry space vehicle 

*d lot's capabilities iuemtstd. which resulted in and to ac-umplidi ex pe rim ents as well as make 

the pika playing an increased role in establish- scientific observations. Tin mam topics to be 

Lit the configuration and in the operation of discussed are attitude -octroi of *bi tekkle and 

the spacecraft. As a result ( 1 ) improvements overall management of spacecraft sys tem s he 

were made in preparing the crews for flight. cause of their impuinxe during Menjrv and 

<2) ground-flight coordination was improved, future space missions, and because it generally 

i.'if mission ruies became more definite. (4; more in these areas that the most objective and valid 

functions were delegated to the pilot. (5) many data were obtained. Ihe results obtained from 

systems modifications were made to increase the each Mercury flight are summarised with pur- 

pi sot's systems management capabilities. (6) op tk-ular elaboration upon t.ie MA-J results since 

e rating procedures were simplified. (7) flight the results of prior flints have been reported 

activities became inore flexible. (c* j inflight ac- in refererhes 1 to -V Topirs are discussed chroo- 

rivity jwioriries were more clearly defined, and otogically with examples from each flight when 

<9| pilot workload hecante fietter distributed. applicable. This appr .u-h should illustrate the 

The beneius of this experience were manifested trend in operational philosophy thtwighouf the 

during the MA-9 mission where the success of program concerning the increased role of the 

the flight was directly attributable to t lie per- pika. 

formance of the pilot. Attitude D e t enu i uati un 

Mercury flight experien ce lias sliown that 

man's performance in a sjiacecral't ?aviriuunenl Throughout the program a great deal of effort 

is very sit .'liar to his |»erfoniiance in an aircraft " :,s *Pt , l>**d toward investigating the relative 

eurironment. This fact will enable manned value of tine liercury spacecraft s controls and 

spacecraft designers to utilize >cver.il decides displays for rations maneuvers and for vehicle 

of aircraft design and ojarational experience in orientation. The results of these investigations, 

t Ire forciulation of ma«-nia< liiue relai ionships as wel: as brief description ot the different coti- 

forGvmiii and AjkiIIo. rob -nd displays, are summarized. Figure 17- 

Overall results of the Mercury program * ihustrxtcsthe display and control systems that 

ify tluu tlie pilot, given adeipiate c«m trots and "ere available in the spacecraft, 
displays, uci.I sufficient monitoring instn.nrenta- The attitude displays available in the Mer- 
lion, is a reliable and flexible system of the en c-ivy spacecraft were a centerline window, a 
tire spa<-ccni r ' atid launch vehicle and enhances jieriscope, and an attitude and attif ude-tate in- 

the success of the mission. In addition, with dicating instrument (fig. 17-1). The t;er- 

the pro|ier equipment, he can greatly benefit the line window, located directly in front *}- 

ex|ierintenial effort. most level with the pilot's head, was trape. ill 

rwT-ooao— « i* 
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iai*» indicating instntaw&l, ke-ated at the top 
of the otater instrument console, consisted of 







thf spacecraft it the mnii attitude to wftbw* 
dr8®. The paipo* of the fir m 
Atm wttre! wodtat t» sdif-^t^htortety, and 
their relative vatae 'compared with ''tie manual 
foot *wt system k dimtssed in a subsetpienl sec- 
t*M» of tins pap*r. The orbit mode of ujiera- 
tkm, however, wtptites a brief dbeussion at this 
point. This mode was derigpned to com rol the 
spacecraft within rather broad limit a for long 
periods of time ami with ermxmtkal furl usage. 
While in orbii mode* the pilot eotthl devote Ms 
reduced as a .result of aaodifi- attention to «h*rsyst*wi«, partem exptrirtmts, 

make «fee.rr*tim®, m relax. During the MA~ 
9 flight this mode. was : osad..«®Mpdy :ftwr«i- 


ammnatm sjrWtan. 'The Miaifc» were also 
preferred for corn rolling the spacecraft aft itude 
during the firing of thr rrtronjrfcrts iecaase the 
pilifc had kn trained ntarli mm? thoroughly 
ill *fet method thmpm ttsatg a» eariarsdl trimuJ- 
display system. Jtldmtph the attitude todi- 
ra«or •ftum provided gmd tefem. -s for sarih 
operations m thorn described above, th*y also 
had sewal slmricomifigSw .atkiido maneuvers 
iatjmm! a very narrow operating corridor had » 
jenaat effect a*w& the enmracj of ; the agehMk 
! :-T& peefcta® w«j» 
ratfeos to the trter Mercury spaco-ra ft an it wh- . 
control systems: however, becait* of the basic 
e&Mwtfertstks of the gyro, and of the attitude 
repeater stop IHits, it teaouned a mmeetmsiie 
ayxttsB. 

In nuuary, the window was the most versa- 
tile art reliable of the three dhsptaj systems. 
The periscope dism* . weight tf»d- 

vatttegw, and lie attitude and attitude-rate m 
dkators were a good display system within 
rather narrow of »eratiinsr limits. 

€o*U«#t» 

The Mercury spacecraft had four basic atti- 
tude-control mwd.es which could be used singly 
or in various combinations. These control 
modes *tn : ant anal *<* stain lirat hit and control 
system i.VSCS), manual proportional 
fly-by-wire i FBW). and rate stiddlixatkwi eptts 
ad system i BSC'S). Each of these malm was 
used and evaluated extensively throughout the 
early Mercury flight-. and i-:i n>sn!l. their rela- 
tive value uml eflu ierw-v for various atlitude- 
control maneuvers became eridwit. 

The ASCS was capable of con t rolling spae* 
craft attitude and rates, or both, in ali three 
axes by using raforraat ion from the attitude and 
rate gyros. Four automatic r<*. J e», of opera- 
tion were available : a reentry mode. at* orient a - 
that tnrah. a netnjgr*»lc attitude hold mode. and 
ta orbit mode. T : ;~ reentry mode peesitirawsi 
the -pawraft in the proper reentry attitude, 
inserted the roll rate, and dripped the reentry 
MriAtlioms. Hie orient at km mode was de- 
signer! posit KHt the spacecraft to any sj**- 
eittrallj cctiimxiided attitude to within Tl'\ 
Tlie refrugtmk* attitude i*«i«t mode utilized the 
logit tonjiie thrusters to rt.--rir.tain the spas .-craft 
u, within > I and :rW ; Viipv of retr. tiro atti- 
tude. The orbit made was designed to control 


darting various experiments. In addition. il»- 

MA-S» pilot utilized a modified orbit mode of 
operation by manually fmMmtwg tk iT-JJ' 
plane of the spacecraft: paralM: to the edip^w 
plane and then manually realising tfl*e atfr.idc 
gyros to this new reference pimm. This action 
resulted it* automatic control of the spacecraft 
in the dhsired plane and allowed the pilot to 
complete the dim-light photographic expert - 
nent. the results of which are reported in 
paper Id. 

Of tlse three manual control systems. FBW 
proved to lie the mm versatile. In the initial 
design, tie Impound thrusters were actuated at 
approximately 2S percent of full eoutroftstiek 
travel, whereas the 24-pound ibrwsters ».vc» 
actuated at approximately 75 percent .of full 
oommi-sfitk travel. In order to prevent in- 
advertent actuation of the high thru-t«*s>. a 
tirwitrk-ttmti n i- n*ade **« tie- later .[no v* raft 
by which the pilot c«»M, hr throwing a switch, 
kick out tf»e higfi tbneat-rs. fieneraliy, the 
pika* prefetml this amirol mode during orlvit 
lersire |«recise attitude mate-uvers and imtrot, 
or both, .-mild la? ae»viui|»!is|ie»i with nknitutitu 
fuel usigr. 

Tin* Ml* system was n«a u-ei extensively dur- 
ing tin- ilenurv Might- ex>vja in t!ie MA « 
mission. Earlier mtsshm results itultiwted ihtt 
neither fine attitude control turn fuel eeotwitny 
couid be obtained ** rtb this -*e«* daring orliit 
because of tlte miniututu throat let els that «:i«M 
lie nlstained :i:hJ t* e ra*Wr long tl*n»-t 
lag haracter! •! l* - dial existed s»: Mils sy-a»-t.t 
I hiring the M.% 5* . HW.WII tilt* pilot demon 
strafed thai l*y making very rapid liai«*-«t8- 
r roller motions,, the Ml’ syrtem u mitd pKwiwe 
thrust impulses of a much lower level, iliati 



phase of the flight. It was normally net swd 
far orbit*) manra vers btcmm 'few attitude con- 
trol was diSk-alf to maintain sod required mn 
metmvt * mount of control fuel. The BSCS 
*** recurved from the spa imft for the MA S 


controller for mampularkm of the manual con- 
trol t^fgfcHBte. 


Throughout :he Mercury program, investi- 
gations w»t« n»;vde to detenmin* the pilots’ 
abilities to orient the spacecraft in yaw by use 
«f external reference information. Alt liough 
pitch sod roll reference ttn trot considered dif- 
<v »il» as long as a view of the earth's horizon 
was available, as expected, yaw determination 
was more diJSvtilt. Inflight information was 
considered B*«**ayy to evaluate' how accurate- 
ly and how Jo tgr it would require the pilot to 
orient the vehicle, particularly when good ex* 
terna I refen*u**«t wen* larking. 

The results from the MA 4 and MA -7 flight* 
indicated that yt w detent) inat ion during day or 
moonlit night conditions was not difficult but 
took more time than did determination* for 
pitch and roll. Yaw orientation at night with 
no ntoon required even more time, and accuracy 
was somewhat reduced. Both the MA-tS and 
MA -7 pilots reported that yaw dstmniftitioB 
by wing the window wm improved as the 
vehicle waa pitched toward *he nadir point. 
However, since the horizon is not in view to the 
pilot beyond a pitch -down attitude of approxi- 
mately -IS>% th» method makes it thfieult t« 
dmtinguidt between yaw and roll error*. 

The results of the first t w o orbit «1 flights sug 
jested that a thorough analysis of yaw deter- 
mmMum arms w sfessrabfe, A tffiwol yaw 

maneuvers were planned at i amm.ploihed dur- 
ing {..?» ItA- * tni&dou wkkh p widru quanti- 
tative KifornutjV O'. »br 4*o- o ' ♦ Jr* * -hdow am! 

prrbOip 1 as iftfifrinltM irbwuce* for hrfer 
uoJitt'g ya«" during hr*h day and night |>H*nm 


Wmim I i ?*4v4 
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refwH&.'e used. At t» tenninptbrt of each 
wmmamr the pilot '•hMdked** it m \h§ «t*be*t*! 
tape record*! - . 

As am i» wen hr these figures, the jhIcX was 
sacnweful m ,let**rrmniiur jaw under both day 
and moonlit i.ijfhr <x,ts*iiikm> by u-isg the view 
through the window as * m h reference. Fur- 
tlwtnot*. tta» ttttnwr**** were mxmtiplMmt 
m a pitch attitude of -44% which vie tbe bo- 
ra- - » trtiWrir for food pitch and roll refor- 
ms . Tl>* day yaw iraanntr as which tbe view 
ifcfwigh *bts p«w^» was teed *i» rdeiptetwl 
within rite same *<*t»r#cy and time period m 
were the yaw nuiinwm ta which the tit* 
timm^b the w 'ndow was wed- The pilot did 
not attempt & night yaw HHMwnrr onag site 
periseape I«na5»sr 1* found that i* w m ineifev- 
tt*t even sutler moonlit eight «®dil tans. . The 
pilot state*! that he could liar* altaed tbaapaae- 
enti in«»*h ’s.-i-r-r* qn.ckiy than t hr-:-:- r-areevers 
indicated »f nrgt-is t l»d been a wore important 
eoo«-teraJ*.*H. than the ixmstrmim of foel 

.*hne* the in format mu < blamed from-, the first 
three arfaitti whanans was rptttc c*»clwre, the 
periscope ns removed frets, the MA-tt spae*- 
tnft. and no specific investigation ««k mg 
yaw *|eier«tti*tio» w&s planned for the MA-b 
fight, However, it should be fatted fiat to pee* 
paring for retrofit*, the MA-f pilot perforated 
a very mtka! and prerise yaw alirwmetil at 
ttigat by using stars and grow ad rrfsntiM 

Tl.v .MV - - 1 pihsl tvj*f»m*d shat yaw »!e?er- 
tni,Kt*kw m daylight was tptite easy even wins 

««f';ly * {».{»:*.«« «;? dir ,-:>v*h h->r;.~l*J *.» »- ill 

Vii*v» : •*. ;•> :i < lie fell 

Iff • ■*»>-.!% s;;-, •,•!*. a ’-;., 1 i \r ;:i ft < U 

toward >»r :f.i •*. (w«; d«» d<r > .*tK,ti of mot ton 
*<i*f the j»r«-:r.d aoi I , At th * !*»' yaw tw» 
•dtioo he fceitevwd his attmm't might he da* 
jrradtsi to x Id 5 , The pilot wd sewml ow 
to determine yaw attitude* and rat e* daring’ 
«l»t t gh», si’ h as the “Mtvastt'iitg by” of terrain 
teosrta*. ajai *-|*hi#! ptt#rs»-, *»r W'h, the jaw,, 
verge see point of f ha# flow Itsiee, and * he * 
ng of *,*m*sfr>-d objects «r dossti proMotim-er 

8k rr<~-* V. 

fin |. rep rted that yaw assirtish di-ier- 
isttif.t: *.•*• as if'tgls: B.t.- is, it d'ffirsth hat if iiiiwIH’ 
r, o<v tins, - . If he ;*» well dark 
adit p id .,»>! !•',»• »SM«>n liluntMiat.'t g thv 

eat!!.. • - s .- > -■ *-f (fCTf-i n ill fea' >nv» 


and el«od f wtarrs. Otrw*n*ially» %h*ed ciiies* 
provided good yaw refvrenee ev« wit (tout 
mwmiigtit. Whm these refrrentw wet* mot 
avaitoWa, he was respired to we identifiable 
stars an I ii^tlUtiona This was more «oot- 
plicated ami n-ually t«A more time bw»»se the 
restriet**,:! field of view through the spacecraft 
window made iilmiHkatioo of the roanbelh- 
nw> difcolt. 

A r,':.veni«at Method of jraw *kNlMiii«*it:»t 
was anted by the MA-ft pilot: after ohttrtrm^ 
the relative nna ion of tbe atwsdtted fireiies seen 
by all of the pilots of ptwkms orbital iamK 
Uses* laniBoos pavtiete, adbklt appetwted to 
sBBiiaumte fmrii tW thra^vis, warn oiim veif to 
n»ve tettward ft*m the and Ikeo to 

twede back #lw^f the ^Mkoectaft a in 

the tnatiuer of s contraiL twamii^p visible fter 
twml «o«ik Tbe pil<^ believed that by p*> 
-it ;<,tiii:g the >pam*r*ft tvbnve to t he motion 
■ *f *n*.=-!e>« »n aevurate determination of 

tlie «»- yaw |w*ssti«n «:Hd l*e achieved. 

<*?«* 8oirars»nii 

The rmlinemem of tbe attitude gyw» to the 
enawtr-ralt s «utt!dde rata impstirtMit fmwtmn 
hocaw* it direct *v itfatcd the usability of the 
entire A?<> ttd Mt.vury attkmL t***li«t J «g 
systems. The two important object ires tr, ae* 
•viatpiisbirg this taa<»eaver wen* masimaat .ms- 
••nrary of sSmement a led ariwanti fuel 
ex|aoMli»»re. There were several variables 
alii*-li dimtly aSwtfd tlicse object irea, tdb as 
»bv eotitnil aud dtphy syst«u> t aid, tie? **- 

tbe * stertwl rvf- 
#*tvi,:-ek a\a:i.,l-!i- «»i liw* time available. Triw 
w-j* p..i-r«- ubriv imjntisw bivause the space- 
• <•»!-! !*- el««**l s’^-nrai-!; nr \ wish low 

for I twige rv,-;t 'Inrit.g wor-i ■•«,:s.lisl«>r^, pi.: 
vidittg ample time was available to complete tite 
« ascim*r. 

(Me importsM systems tiurdsheati m * hiclt 
«i|f«>tiraunth atf>s*red tlie cajerbihfjr ai d easeo f 
rvaiia.iig tbe gyms to *le .tkparocpaft attittido 
»*> duapfcj: ? ]«e g_;r.s ,-ag ’ «»g p’fed ion «* - lit 
srs pitch. All but (lie MA-9 sfra’Wmift's gjtee 
aged to the item position in all three exes*. 
With tlw spaceciwft in this p*s:> h •>, the earth 
hofiiMi was tm .ttaihude thorugk ih^ > it«do« 
Ahieiugh the total re.iiinemeii; maneuver was 
• ■<<- pi, \ in £«•*!*. irher f...*- t;V AM 
. : -•*: i roaneui *>r w-t- ?rl.ni\,*H -ttnpk 4 ml 



consisted of orienting the spacecraft to the 
retroattitade position by using the horizon and 
caging and uncaging the gyros (fig. 17-4). 
As an example, the amount of fuel used by tlie 
MA-0 pilot in accomplishing this maneuver was 
only approximately 25 percent of the average 
amount required for the maneuver during the 
previous Mercury missions. 


t.mae lV-t.—Honaia ;Unr *t retruattirade. 

Attitude Control 
Totwareoalt Maacw**** 

During i h<- stihorfeifal flights anti the first 
ortfeital flight the spacecraft was turned around 
to tin* retroaltitnde position fef the ASt'S. 
wlierwas the turns round maitett vers after orbital 
insertion for the idyaimt orbital missions 
were acewnjdislted manually a.- ntrown in table 
IT -I. T m reasons I a»lti tid ibis ctasjf warrant 
a brief dismstion 
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At the wry beginning of Mercury Project, it 
was not known Itow well the pilot would be 
able to function in a apace environment, Thfe 
contributed to the Mercury spacecraft being 
designed so «liat most of tin* inflight functions 
would lie automatic with tire man being used 
as a backup system. As flight experience was 
gained, confidence was increased in the space- 
craft. mission operations, and particularly in 
t he man's capabilit ies. As a result the pilot mm. 
permitted ntote latitude and given more re- 
sponsibilities ns far. as inflight actitfliesS, such 
as tlie turnaround maneuver, ware concerned. 
A second important factor was that fuel con* 
serration became more important iurihg' the 
longer duration mission?. Early flight result* 
indicated that an automat U turnaround ma- 
neuver would require between 4 and 6 poun«t< of 
control fuel . Results «n the Meit-ary -ptwe- 
*!«ies trainers, whidh simulated quite accm defy 
•fuel usages; for tlie various itwttd modes, indi- 
cated th at flic pilot could. after practice, per- 
farm tlie maneuver within tlie saiwe time period 
required by tlie ASSCSI and with a significant 
savings in fuel. - 

On tl«is Innas, if was decided that the MAT 
pilot would perform tin* turnaround maneuver, 
by ftspg H1W. and complete it wit Inn approx-i 
limit ely the same time normally required by the 
A SOS. As ran le seen by table i7~l, the* MA- 
7 turnaround required only I j& pounds of fuel 
as compared with tf*e 5.** omnife of find re- 
quired for tlie M\ », -.iirotijatic turnaround. 

This f%i,4 «uiservsitifin verified tint >ui **><{<. .-h! 

flight f*,ruar*i;ind~ Mt* ui«i ?*■ conducted inmm- 

:»ll V. 

I Airing tie* MA s flight it was planned that 

t 'be flight were pro ceding srtiootlih. the 

toroa«ettnl maneuver «>••«!* i Is* **M-c.;fcd at t 
JerojrsdV pv at it jr an- n't* <>( fl sec to ‘ «*r 

with ffo | id* »t relying a>Wt' on the rate :«*»-! 
♦tt iimb atfirs and using only f!»c F|!\V 
I gtotrttd thrusters t<» «iHro*Wfe fuel. A «e»*ofbfe 
arv ■** ..<•* ».ts t« cijiMirm Ht-.it ts«,- pilot 

-villM pci fofln the ill Hieii 1 . «-r as pjertselv ii* » 
*|tw* flight risv irtuniteni as '•** « *«*•*.! in train- 
ers «»i. :!,«• gr»m«d. 

I lie job >f }**t b-H-.ed the mai e;iv I id:-i,r i> ;d!\ 
as it bad Steen prtctwd on the procedure's 
trainer, Figure ,T ,<•« ti«e flight gyro *f- 
t it Wiles with a bnhgf ; J*d envelope id the 
fiirtMtuund tuatiemcrs nonj»hsh»sl mt sit# 



it was not imperative far the sp«e«i»ft t© be 
pitched down t© mroattkude. The Mil-# 
Ittmafotind maneuver required only 0i> pound 
Of control fuel. 


T * mm- bwte&toM S 


Control of the spacecraft .attitude daring the 
firing of the retrorockets was perhaps the most 
critical and exacting function of either the plot 
or the A STS. Tlwrefore, a great deal ©f the 
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oas fixed and dynamic trainers was devoted to 
the determination of die relative value of the 
different ccntrol-display configurations and in 
perfecting the pilot’s capability to me these 
various configurations effectively in accomplish- 
ing' this maneuver. 

The summary of the planned and actual con- 
trol-display systems used for controlling the 
spacecraft daring the retro fire maneuver of the 
manned Mercury flights and resultant fuel 
usages is shown in table IT- II. Of particular 
note is the fact that only one (MA-8) of the 
four orbital flight retrofire events mas accom- 
plished as planned. The amount of fuel used 
agrees quite well with the trainer resalts: that 
is, in terms of fuel savings there are no signifi- 
cant advantages in selecting any particular 
control mode. 

During »!i* orbital flights it was planned to 
use t lie A St S so control the spacecraft during 


the ret retire event Iwcanse it was dtrigncd to 


procedures trainers. The pilot executed the 
maneuver sutpotfily and wit!* precision, using 
it.:) pound «>f control fuel, which is less than 1** 
percent of the control fuel normally required 
by A St S. As a result of this flight it was 
dearly established that a leisurely executed 
manual turnaround, providing the flight was 
proceeding -nimaliH. wi»> the most efficient 
maneuver. 


maintain altitude within very tight limits of 
~:J' and because a mannal retrofire did not 
represent a stgnilkant saving in fire! How- 
ever, Ivrause ««f systems failures or anomalies 
affecting the A St’S only tin* ret retire maneuver 
of the third orbital flight (MA-8) was acrom- 
pb-liei* solely by tin* ASf’S. 

The MA fi pilot decided to lockup tin* ASTS 
bv in ng the All* control system. With this 


Tire MA~9 pilot accomplished site* turn 
around maneuver in a manner similar to that 
n f the M A-S pilot eicept that it. was rev in- 
tended to lie compMed in as precise a fashion, 
as the MA-8 maneuver. He used FKW-low, to 
entisen «• fuel, but he elected re ntaervr ..nil 
pbotogiapli tl»e launch vehicle rather limn poa: • 
turn the vehicle ilireetly to tl>e proper retro* 
attitude i-tmt mt. The pilot had twen informed 
that tic bed a good irwemott, that all systems 
w*,e functioning properly, and therefore that 


ire ; iciilar -er nf coi.in,! modes US pounds of 
control find wen* used during the maneuver. 

Hri'aiw of a pro! item wtr . t the ASO*. the 
A! A T (irjni i .in: rolled the sparer raft during 
mrefire by using both FfiU and AH*, agpiia 
restill mg m a rather high fuel usage. He 
• m»se nf an >-rror at rite pilch indicator the pilot 
M, tcijHired to cr re check lietwven the Ttev. 
<ms tlic « union and tits imarttinetu*. 

Tin* \1 \ ' spacecraft wa controlled l v the 
AM’S during the rrtrot,,.- -vent »• it Inn * I s in 


28 ? 




trtuet 


bright ow*! •>( tm interior anti exterior refer- 
vi t», fit* pilot nptfmmii difficulty in adapt 
mg Ms rmkm while shifting from w» r* femur* 


Itisnw with hi* Sell liana when me to 

w« la* rule Its spite of thin pmb- 

lem and tht* feet that iw did tint U»ie the oppor ■ 
t unity to ptwttre r •trofir* maneuver* with tbis* 
mmimmt M*t» of aft it ml* rnfrteuc**, except much 
earlier in hi* truming program on the air lubri- 
cated free-iimtttde (ALFA) trainer, • i«- pilot 
w»o attle to maintain excellent ommil of hi* 
with this romh.mtttoR of attitude 
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beginning of I lie retrofit? wept further verified 
by reentry trajectory computations. 'll* pilot 
controlled rates ext tamely well prticnlarly 
it. pitch which in the moot critical axis. flaiib" 
eontrol eras maintained within .trdVsec in pitch 
end roll and within ±5“/ sec in yaw through- 
out the first 19 seconds of the Sfcl-aeeond retro 
fire period. A maximum niisalinetnent torque 
of approximately 40 to .h> foot-pounds appears 
to have occurred in left yaw when the number 
two retrwrocket fired. This value represents 
approximately 40 percent : of . 4£ae ■: 3fF : ' efiftftFol 
capability. 

Tim pilot maintained, good control of space- 
craft attitudes, with a maximum deviation of 
— Ii° in roll at the completion of tlie maneuver. 
Deviations in pitch mid yaw attitude were neg- 
! rihh i f * ill rvemry irajeclm-y and land- 
ing acrurary are conramed. The maximum 
pitch dr i ;it ion was which occurred very late 
in the retmfire p-riod : and the maximum yaw 
attitude deviation win, 5". The pilot purposely 
maintained the pitch attitude at the nominal 
-M° position or slightly lower, * direction of 
deviation which least affects the reentry trajec- 
tory, 

■ .■ .■ .■ ■ .■ .■ ■' .■ -v : 

twixwia ? 

Daring the reentry the ASCS or the pilot, 
by wans of one of the manual control motley 
wu required, to initiate and maintain a toll rate 
of approximately It)® /sec and to damp the os- 
cillations in the pitch and yaw wxe*. Since the 
frequency and damping of the. oscillations 
varies considerably during the reentry phase. 


with fraqueney. i*«nra»in® until maximum dy- 
uamfc praaimre, and damping decreasing after 
the maximum dy namic-preesure period, ..the 
control task requires a <*onsiderable amount of 
plto^gfeili'and 

The preferred control systems for this rusk 
w«k either the auxiliary tattptitg (ASCS) or 
the '.raft. vmmmA ■ .mode. Bate rommaud,. al- 
though highly effective in controlling the oscu- 
lations, ' : usitallv . taxtsuthed a . . large amount/ . **- 
fuel, as can be seen in the case of the MA- .*•. 
. ' : rwtry' : ;:rfmwu is ttUe 17-III. The MP oon : 
irol mode had s significant response lag and tail- 
off in thrust, which made it very uiffietiit todatnp 
effectively. The FBff was cot completely ade- 
quate for effective control because it Was limited 
to the selection of two discrete thrust levels. 

All of the manned Mercury flight reentries 
except MR-3 were planned to : he controlled by 
the auxiliary damping or rate command control 
modes. Furthermore, these two control rootles 
were used entirely or in part for each Mercury 
flight reentry with the ex* ption of the MA :> 
reentry. TV rate command system had been 
removed from the MA-9 spacecraft and the 
auxiliary clamping system was inoperative be- 
cause of the low of ASCS power. 

The MA-9 pi m decided to control the re- 
entry by wing FBW. but. when .he checked the 
system just prior to *Ui5g. V was not aatiaSed 
with the way it was operating and elected to 
use both Ml* end FBW, During the early por- 
tion of the reentry I* was aide to damp the 
.mail and rather alow tm-t llaiiosjs by using the 
FBW i-pott/td thrusters and tlie IIP control 
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Mode. At approximately 1 minute and 30 sec- 
onds prior to peak reentry deceleration. the 
pilot inadvertently actuated the FBW-high yaw 
thruster. This actuation resulted in almost 49 
pounds of control thrust and added to the ai , 4i- 
t tide of the oscillations. However, the pilot 
maintained positive control of the oscillations 
through drogue parachute deployment. The 
pilot *iad no other difficulties in controlling the 
reentry oscillations except during maximum 
deceleration for a brief period in which he was 
unable to manipulate the control handle prop- 
erly because the g- forces pulled his arm away 
from tlte control handle and into a trough on 
the -mo rest 

Tlte maximum frequency of oscillations oc- 
curred at peak deceleration with a period on the 
order of 03 second. Maximum rates were ap- 
proximately i 15° /see with a maximum ampli- 
tude of approximately ± 10° in pitch and yaw 
which occurred after peak deceleration. The 
pi ire reported that he believed he needed ' ml 
authority control to be effective after the peak 
deceleration point. 

Systems Management 

As flight t tperienoe was .gained and the 
successive flights increased in length and com- 
plexity. it was necessary to make many modi- 
fications and improvements its the controls, dis- 
plays, and monitoring instrumentation so that 
the pilot could more effectively manage and 
assess the status of the spacecraft systems. 
Increased onboard monitoring eapybih... was 
particularly impirtant during the M.V 9 flight 
because of the long time period* during which 
the spacecraft was not within communication 
contact with tire various ground stations. A 


second advantage of onboard monitoring in 
strumentation was that « was often more 
reliable than telemetered data, and, if discrep- 
ancies did occur between ground and flight 
information, tlie actual status could be better 
determined with the onboard incrementation. 
Finally, ns mission duration increased the man- 
agement of ronsnmables, such fuel and eler- 


as tne mission requirements. One of the major 
modifications was to th* attitude control sys- 
tem and its controls in order to maximize the 
capabilities of the system and also to simplify 
the control system management requirement. 

(iffilrat-MwIr twritebira* 

A major pilot function during all of the Mer 
cury missions, but particularly during the MA- 
9 fligiit, was control-mode usage and switching 
which had a direct effect upon contro’-ftH ex- 
penditure and the success of the entire mission. 
Table 17-1V shows control-mode usage and 
switching during the MA-fi flight. In general, 
tlie control system was used almost exactly as 
planned until tlie 0,11% relay prematurely 
latched in and the A STS power was subsequent- 
ly Iflfet. After this point, the pilot used FBW 
and MI*, or both, store these were only 
available systems. 

Th- pilot was very successful tit switching 
from the manual control modes to the ASC’S. 
The orientation. high-thruster jfiiale wits never 


trical power, became more critical. 

Figure 17-7, which compares the MR-1 and 
MA-9 spacecraft instrument panels, illustrates 
the numerous changes in tlie Mercury panel 
configuration. These changes primarily re- 
sulted from the increased knowledge about the 
sjmwraft systems and their operations a« well 


T*hU 17-JV, XtA -U ('mind Mod, fJmge 


('octroi mote cowteretiws 

1'i ri-i til*. • 

i>i« .1 Hi rank 
»nji-r 

: x ; : : 

St avium *» tiiw; 
mwd at »«>■ imu 
tiiiM fir: ntlti 


*w**l 

llnft 

t;$ 

1 13 m 


2 

tint* and Ml* 

2H 

| 


1 

V»< orbit 

n 

f 1.20 


i 

Hr ift »i.it 1 tltt 4.iw 

i.t 

; an 


1 

HSW4»w : n»r -.tifiimni) - . . 

•> 

i 0:11 


H 

fWlftt 

J 

|1 tKi? 


1 

M P mwni* *4h ■■■■ 

i 

j mn 


h 


2*X) 






in MA >* itin«Knratit»t 


■S}tact*i rafl iiwroun- 



y 

C •*•*“***■ 

C2_i_J ! 

*7 

/j 

o 


1 1 

r 

i/ 

V 

o 


V. 

t" 

• s\ 

; 



\v 

» 



Vf-" 




mud* ztenfly actuated throughout the mli re 
flight. The maximum ei> snmhm*. daring t!«e 
right t»m«s the -pscTTnift manually alined 
to wtrmttttude and control switched over to the 
ASCS, were 5° h attitude and =t %*/«** .in rate 
The pilot did not H any time inadvertently use 
doahh authority daring the mission. Doable 
authority was, ttaed purposely for the reentnr. 

The MA-9 pilot s success in control mode 
utilization can be attributed primarily to two 
areas : simplificat ion of the coot ml mode switch* 
kg operations, which reduced the chances of 
inadvertent use of orientation mode or inadvert- 
ent dost authority, and a very thorough under- 
standing of the operational characteristics of 
the entire ntiii ode-control system. 

Pflht ftiliiithtj 

Throughout the Mercury flights there were 
several minor and a few major systems failures. 
In order to illustrate the value of the pilot as* 
backup and/or primary system indispensable 
to the Mercury space flights, a brief review of 
the failures which occurred in the spacecraft's 
attitnde-cootrol system during the four orbital 
flights and the effect that these failures would 
have had on mission success had the spacecraft 
been unmanned is warranted. 

At approximately 1 hour 30 minutes attar 
lift-off of the MA4 flight, the l-pound left 
yaw thruster malfunctioned. After repeated 
switching between the ASCS and FBW control 
modes, /be rhros.er began to fitnerion properly. 
How-eye*, almost immediately thereafter the 
right yaw i -pound thruster malfunctioned and 
corttimsed to be inoperable? for the rest of the 
flight. Although mk*wm safety was not jeop- 
ardized, this malfunction would have required 
an early termination <tt the fi-srht because, had 
the pilot not been on boar.*, the spacecraft 
would have repeatedly dropped into fhc ASCS 
orientation high-thruster n..alc. and a prema- 
ture fuel depletion vruild hat > nwnlted. 

The pitch boriaon scanner malfunctions! 
throughout the MA-T flight. At tetrofire, the 
pitch horizon scanner read approxiiua'riy 
-IK®, whereas trajectory computations based 
on radar tracking data jW Jed a pitch attitude 
of ~3<ys E . This discrepancy w-c* verified! by 
the pilot who reported that the ASCS orienta- 
tion mode caused the vehicle to pitch down be- 
low the — At* position to sorb an extent that the 
earth's Horizon was no longer visible through 


the w irdow. As * ressuit the pilot had to place 
the attitude p er mis sio n switch to the ‘•"bypass" 
position and initiate and control the retrofite 
event manually. Without the pilot the retro- 
fire coti,*d not bore been initiated from the 
prefer attitude. 

During the MA-i flight, the amplifier cali- 
brator locked into the 9.<% configuration, which 
resulted in putting the ASCS into the reentry 
taedu of operation. Shortly thereafter, all 
ASCS power was lost, and the pilot wm re- 
quired to perform menially aft mfampicnt func- 
tions, such as retrofite initiation, retrofira at- 
titude control, and damping of reentry rate 
oscillations. 

In summary , without the man, only the MA-8 
flight would here progressed normally; the 
MA-6 mission would have had to hr terminated 
early: and the MA-9 spacecraft would not have 
reenter d successfully. 

«**•> mmem mt CummumM,, 

An important function of the pilot was to 
monitor and conserve to the extent poaahk? the 
various consttmablea, including att it adk -control 
fori, ehctriwl power, oxygen, water, and the 
onboard recorder tape. The first two item* 
were extremely critical to the sucres* of tfss 
mission since mkznanagement or a malfunction 
affecting either of the* quantities could cause 
an early mission termination or a Boss of the 
spacecraft. 

Attitude-control fuel was the prime con- 
sumable quint tty over which the pilot had both 
monitoring and control capability. Th. normal 
premiss-on procedure was toestabhsh both pre- 
dicted -nd minimum fttel-coasumption levels 
that were expected and reqsSred for a sa«*»s- 
fal mission. After lift-off, the management of 
the control fuel to meet th. mission require- 
ments was the sole responsibility of the pilot. 
It was found that for both the Redstone mis- 
sions and the first two manned mbital missions 
the fuel quantities tvqnired were within the sys- 
tem capabilities; however, daring the later two 
mmdons the longer duration required that par- 
tiralar attention be paid to this parameter. In 
most uuma, pattwolarly during MA-9. the pilot 
demoi -strafed an ability to jierform the required 
nianett .ee* % using less than the expected 
amount of fuel and t.» stay well below the pre- 
dicted and minimum fuel consumption levels as 
illustrated in figures 17-4(*! and lt-8|b). 
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ekmtr this tmimtmbh quantity. 

fail ght toWhk* 
mm f%m 

The mfiviiki'. of the pilot, m Mek Merrttry 
raws® twrihided requests and wplirwwrtta 
Irani Medical, engineering, and srietitifie *im 
In order to obtain t be »»» asoMtit of fet- 

fonnatkwi from each mission, it was netvssary 
to schrdaie all the adtirttfc* of t hr pita and to 
n priority system in the emit of owhp 
befwem wliritm. 

The type of actiritira with whtdh ft* pilot 
was timdred ntiitd from mission to mission. 
Ink jEJtmallj they nu-luded normal swat**** 


fasts. fitomlts of each mission were amtlywg 
and the faiowlwlg* gained i was applied to the 
SBl»aeq»rnt misst«®. The f«Bowii*g a n the 
general areas where improreinents ware made 
h«»d m the |«rioi» mtanoti espe.tw«». 
Rwt, pil ns wet * aHe* «d •» aw t me ler eedh 
*p*t ifi wtiriif T 'V Am odb fat pass was re- 
srrrwt for systems rbcefemt., ««J taw was al- 
lowed fn* lie pilot lo bermrae orientated to his 
new mrimnmetJf. More time was allotted for 
monitoring systems. and the air to-ground ,011- 
Bnintrations were iraprwed and amplified so 
that they would require a minimum of the, 
pilot* time. Serwsd, the sp»m'rmft system* 
were analysed in more detail and the pilots were 
thoroughly briefed on their -rhamitmkim. 



of the {light urtiritiw had been detenotaed, »1;Hi imtrihnted greatly m the iwipnired 

- ■ ----- ■ - .it. * 
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time. These premature attempts resulted in 
many additional transmissions in an attempt to 
make two-way eo*w~*u*vicalions contact. 

Several changes were made in conunuttica* 
ttons premieres* prior to the MA4 flight. The 
requirement for reporting ail the switch and 
gage readings was deleted and the initial trr.ns- 
rafesaon from th» ground was not began until 
tha ttpdcd time of arapisinon, The MA-H 
pilot reported only control inode and status. lit 


mem eras generally adequate, good externa! dis- 
plays weald have provided valuable additional 
training. 

<4) Spacecraft systems modifications should 
he finalized as early as possible to permit earlier 
flight-plan finalization and to allow mare time 
for the pilot to practice the rariocs inflight 
tasks. 

<51 There was no significant effort upon 
pilot’s operating capabilities resulting from his 
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